Plants during different phases of growth produce secondary metabolites which have multipurpose roles. One of the aspired roles associated with the production of such compounds is their active involvement in allelopathy -a phenomenon of the chemical interactions of plants and/or microorganisms. Investigation of the allelopathic properties of different plants is useful in agriculture as it would lead to the proper cultivation of crops under field conditions with respect to allelopathic plants. This study was aimed at exploring the allelopathic effects of Cassia fistula aqueous extracts obtained from leaves, bark, and fruit on germination and growth of Lactuca sativa, Setaria italica and Pennisetum americanum. Results demonstrated that aqueous extract from leaves, bark, and fruit of C. fistula had differential toxicity against the Lactuca sativa, Setaria italica and Pennisetum americanum. Phytotoxicity of extracts depended upon the concentration soaking duration. It was observed that 24-hour extracts were more inhibitory. Leaf extracts exhibited more toxicity than bark and fruit. Lactuca sativa was found more sensitive to the applied allelopathic stress of C. fistula than Setaria italica and Pennisetum americanum. Based on our results, it is suggested that Cassia fistula has strong allelopathic potential and may serve as a potential candidate for using its allelopathic potentials in weed control strategies.
Introduction
The term "allelopathy" infers to the communications between plants and/or microbes which might lead to either stimulation or inhibition of growth, physiology, and development of plants and other organisms by the release of secondary molecules termed as 'allelochemicals' [1] . In nature, different groups of plants like algae, lichens, crops, and weeds have well established allelopathic properties which are thought to be an evolutionary mechanism adopted by plants to survive in the given environment and to determine their success over susceptible plant species [2, 3] . Diverse phytotoxic substances causing germination and/or growth inhibitions have been isolated from several plants and their tissues, which are known as allelochemicals -secondary plant metabolites which interact with other plants in diverse mechanisms to either suppress or promote their growth, depending on the types of communicating plants, the environment and nature of allelopathic substances [1, 4, 5] .
The allelopathic effects of one plant on the other are generally discerning and may greatly vary since the production and nature of biological activities of secondary compounds in different plants and their tissues are variable [6, 7] . Leaves are generally perceived to possess most of the potent sources of allelochemicals, albeit other plant tissues are also known to produce allelopathic chemicals with differential phyto-stimulatory or phyto-inhibitory influences. Cassia fistula, commonly known as Indian laburnum, is an important tree with well-known antimicrobial, antifungal and antioxidant activities [8, 9] however, very little work has been done on the allelopathic effect of C. fistula on another crop so far. Therefore this experiment was conducted with the aim of exploring the allelopathic effects of leaf, bark and fruit extracts of C. fistula on Lactuca sativa, Setaria italica and Pennisetum americanum. Materials and methods Cassia fistula was selected as the donor plant and the receptor plants selected were Lactuca sativa, Setaria italica and Pennisetum americanum. The aqueous extracts were prepared from leaf, bark, and fruit of the donor plant. A 5-10g of leaves, bark, and fruit from donor plant were soaked in 100 ml of distil water for 24 and 48 hrs soaking duration and filtered through Whatman filter paper and stored for seed treatment experiments. Extracts preparation and seedling bioassay was performed following the method of Muhammad et al. [10] .
Germination and growth records
The germination test was carried out in sterile Petri dishes of 9 cm in size placing a Whatman filter paper on Petri dishes. Ten seeds each of Lactuca sativa, Setaria italica and Pennisetum americanum were grown in Petri dishes containing double folded Wattman filter paper. Each Petri dish was provided with 10 ml of respective extracts i.e., 5g and 10g extract of leaf, bark, and fruit. Distilled water was used as a control. Each treatment was replicated three times and the experiment was arranged in a completely randomized design (CRD). Petri dishes were kept in the RCB design incubator for 72 hours at 25 o C. Data for germination percentage, radical and hypocotyl length was recorded after 72 hrs.
Statistical analysis
Data were analyzed by analysis of variance (ANOVA), using the MstatC software and difference were considered statistically significant at p≤0.05.
Results

Effect of leaves extract Germination (%)
Results demonstrated significant (p≤ 0.05) differences for germination (%) between concentrations, varieties, and soaking durations. Furthermore, the interactive effect of varieties (V), concentrations (Cs) and soaking durations (H) i.e. V×Cs and H x V x Cs were also significant. However, H x V and H x Cs interaction were non-significant. Extracts from leaves of Cassia fistula were phytotoxic to the germination % of test species i.e. Lactuca sativa, Setaria italica and Pennisetum americanum. However, the inhibition magnitude varied between them. Inhibition of the extract was concentration dependent. Maximum germination % was recorded in control (78%), followed by 5g conc. (49.66%) and 10g conc. (39.66). Varietal response to different concentration showed maximum germination in P. americanum (71%), followed by S. italica (65.33%) and L. sativa (31%). Effect of soaking duration obtained from leaves after 24h (50.89%) was more inhibitory than 48h extracts (60.67) ( Table 1) . (Table  3 ). Concentration means specified that radical length was maximum in control (2.32mm) which decreased significantly in a dose-dependent manner to a minimum of (1.63mm) at 5g conc. and 10g conc. (1.09mm). According to varietal response maximum radical length was noted in P. ameracnum (2.98mm), followed by S. italica (1.37mm) and L. sativa (0.69mm). Soaking Durant means reveals that 24h (1.67mm) duration was more inhibitory than 48h extracts (1.69mm) with non-significant means ( Table 4 ). (Table  5 ). Germination bioassay demonstrated that the three test varieties differed in their response to the applied extracts; showing decline at increasing concentration of extracts. In bark aqueous extract treatments, maximum germination percentage (78%) was recorded in control, followed by 5g (72.66%) and 10g (58%). Varietal means bestowed maximum germination in P. ameracanum (85%), followed by S. italica (77%) and L. sativa (46.33%). Soaking duration means shows maximum germination inhibition 24h (58.66%) which was more inhibitory than 48h extracts (66%) ( (Table 5 ). Means table for radical length revealed that all the extract concentrations were non-significant, however, maximum radical length (2.61mm) was observed at 5g conc. followed by control (2.30mm) and 10g (2.16). Varieties mean elucidated maximum radical length in P. ameracanum (4.86mm), followed by S. italica (1.19) and L. sativa (1.03mm). Soaking duration means showed maximum radical length in 24h (2.63mm) and minimum radical length in 48h (2.08mm) respectively ( Table 7) . Shoot elongation ANOVA for the hypocotyl length showed a significant difference for V and their interactive effect V×Cs, H x V, H x Cs and H x V x Cs (p < 0.05). However, soaking duration and concentration means were nonsignificant (Table 5 ). Concentration means indicated that plumule length was maximum in 10g (2.38mm) followed by control (1.63mm) and 10g conc. (2.26mm). According to varietal means, maximum radical length was noted in P. americanum (4.33mm), followed by S. italica (1.51mm) and L. sativa (1.17mm). Soaking duration means reveals that 24h (2.40mm) duration was inhibitorier than 48h extracts (2.27mm) with non-significant means (Table 8 ). 
Effect of fruit extract Germination (%)
Significant differences were observed for varieties, concentrations and interactions between them (p < 0.05). However, soaking duration and interaction between concentration and soaking duration were non-significant (Table 9 ). According to concentration means, germination% was maximum at control (78%) followed by 5g (72.67%) and 10g conc. (59.33%). The varietal response exhibited maximum germination% in P. americanum (84.67%), followed by S. italica (75.67%) and L. sativa (49.67%). On the other hand, soaking duration means revealed that 24h (71.11%) duration was less inhibitory than 48h extracts (68.89%) with non-significant effects (Table  11) .
Root elongation
Results presented in (Table 9 ) demonstrated there were significant differences for varieties, concentrations and soaking duration as well as interactions between them (V×Cs, H x V, , H x Cs and H x V x Cs) (p < 0.05). Concentration means for radical length showed maximum radical length at control (2.35mm), followed by 5g (1.99mm) and 10g (1.79mm) which clearly indicated a dosedependent retardation. Maximum elongation (3.27%) of root was observed in P. americanum, followed by S. italica (1.01mm) and L. sativa (0.91mm). The soaking duration means revealed maximum radical length in 24h (2.17mm) and minimum in 48h (1.28mm) ( Table 12) . Shoot elongation ANOVA for the hypocotyl length showed a significant difference for V, Cs, H and their interactive effect V×Cs, H x V, H x Cs and H x V x Cs. (p < 0.05). However, H x Cs means were non-significant (Table  9 ). Concentration means showed that radical length was maximum in control (2.35mm) that decreased significantly in a dosedependent manner to a minimum of (1.99mm) at 5g conc. and 10g conc. (1.79mm). According to varietal response, maximum radical length was noted in P. americanum (3.62mm), followed by S. italica (1.47mm) and L. sativa (1.04mm). The soaking duration means revealed that 24h (2.21mm) duration was more inhibitory than 48h extracts (1.87mm) with nonsignificant effects (Table 12 ).
Discussion
The present study outlined that aqueous extracts from leaves, bark, and fruits of C. fistula obtained by soaking for various durations invariably reduced germination and seedling growth of PA, SI and LS. It was observed that different parts of the same plant had differential toxicity not only against the different test species but also against the various growth parameters. However, the more pronounced inhibitory effect was observed in leaf extract. Our finding in this regards agrees with other researches [11, 12] who testified that various parts of the same plant have differential phytotoxicity. Similarly, Hussain et al. [13] reported that leaves extracts from paper mulberry were more inhibitory than other parts which are in line with our ones. The poor and delayed germination of test species under allelopathic stress might be due to either death of the embryo or the imposition of dormancy or inactivity of seeds [14] . Usually, the allelopathic effect of one plant on the other is perceived to be due to the synergetic or antagonistic effects of different compounds like alkaloids, flavonoids, phenolics, glycosides, lactones, quinines, volatile terpenes, organic acids compounds and other secondary metabolites [15, 16] . It is suggested that in young leaves, allelopathic compounds are produced in greater quantity than mature plant leaves [17] . Our study perceived a dose-dependent inhibition of the extract from all plant parts. Though, increase in plant material (from 5 g to 10 g) reduced the percentage germination and hypocotyl and radicle growths. This observation suggests that inhibitory effect was enhanced with increasing plant material. Our finding agrees with those of Ullah et al. [18] and Hadi et al. [19] . The present study perceived that aqueous extract from leaves, bark, and fruit obtained by soaking for various durations invariably reduced germination rate and seedling growth. The harmful effect of Cassia fistula parts extracts at higher concentration might be due to excess of inhibitory allelochemicals present in the extract. The presence of allelochemicals may weaken the protective ability of plant tissues against membrane lipid peroxidation and can damage the whole membrane system of plants, resulting in the ultrastructure destruction of chloroplasts, mitochondria, and nuclei. Cell destruction causes a reduction of photosynthesis and root activities. These abnormal physiological processes contribute to the inhibition of plant growth [16] . The enhanced phytotoxicity with increasing concentration and soaking duration is also noted by various workers [13, 20] thus supports our findings. Nevertheless, 48 h soaking as compared to 24 h showed less inhibition rate to germination and growth of test species in leaves extract of Cassia fistula.
This strange behavior of leaf extract was also observed by Hadi et al. [19] while working on the allelopathic impact of Phragmites karka. This reduction of inhibitory capability might be due to a degradation and/or transformation of some allelochemicals to phytotoxic compounds [21] . In a recent study, Siyar et al. [22] demonstrated that three weeds i.e., Avena fatua, Melilotus officinalis and Polypogon hissaricus had detrimental effects on germination, growth and chlorophyll concentration of wheat, which supports our results. The study is also in agreement with the findings of Muhammad et al. [10] which reported that different concentrations of leaf extracts of Ficus benjamina had negative allelopathic effects on germination and seedling growth of sunflower. LSD value for Hours = 0.41, Varieties = 0.28, Concentration = 0.28, Hours*Varieties = 0.39, Varieties*Concentrations = 0.49 and Hours*Variety*Concentration = 0.69 interactions at α 5%. Mean values which are not followed by the same letter are statistically significant at p<0.05
Conclusion
It was observed that extract from leaves, bark, and fruit when used as growth medium significantly reduced the germination and growth parameters of Lactuca sativa, Setaria italica and Pennisetum americanum. It is, thus, concluded that the different parts of Cassia fistula may act as natural herbicides due to the presence of allelopathic compounds. Further study is needed for confirmation and isolation of natural compound to be used as a natural herbicide.
